








SOME EFFECTS OF SMOKING WITHDRAWAL ON COMPLEX
PERFORMANCE AND PHYSIOLOGICAL RESPONSES

INTRODUCTION.

In 1976, the Federal Aviation Administration (FAA) was petitioned to
prohibit all smoking on the flight deck during all commercial flight
operations and to ban smoking by commercial flight crew members within an
8-h period before flights (15). 1In scientific evaluations of this petition,
it was concluded that, although there are well demonstrated adverse effects
on the health of smokers, carbon monoxide and nicotine at the levels of
smoker intake have not been shown to produce adverse effects of practical
significance on the performance of flight tasks in healthy pilots (4,14).
Both reports, however, recognized the need for additional research on
several issues including the potential adverse effects of short term
withdrawal from smoking on the performance of pilots who are habitual
smokers. Dille and Lindner (4) wrote "For some, withdrawal symptoms
including tension, depression, irritability, difficulty in concentration,
decreased heart rate, a fall in blood pressure, electroencephalographic
changes, and impaired performance may occur and may more than offset any
benefits to aviation safety that are expected from a ban on preflight and
in-flight smoking.” Although a number of experimental reports have addressed
this issue, the need for additional research on the effects of smoking
withdrawal on performance in aviation related tasks at an operational
aircraft cabin altitude was recognized (4). The present experiment examined
the effects of smoking withdrawal during a 4—-h period on the complex
(time-shared) performance of healthy habitual smokers in flight-related
tasks at a simulated cabin altitude of 6,500 ft.

METHOD.

Subjects. Seventeen healthly paid volunteers who were all habitual
smokers served as subjects. The nine female subjects ranged in age from 25
to 59 yrs with a mean of 40 yrs. The eight male subjects ranged irn age from
23 to 59 yrs with a mean age of 39 yrs. All subjects had smoked at least
one pack of cigarettes a day for the last 8 yrs. The mean duration of the
smoking habit was 22 yrs.

After selection, subjects received four 3 1/2-h training sessions on
the Civil Aeromedical Institute”s (CAMI) Multiple Task Performance Battery
(MTPB). After training, subjects underwent two 4—h experimental sessions
held with 2 days between sessions. Figure 1 summarizes the experimental
protocol for test sessions. Each experimental session consisted of six
30-min MTPB periods separated by 10-min “breaks.” During the test session
for the Smoking Condition, the subjects smoked one cigarette during the 10
min immediately prior to the first 1/2-h period and one cigarette during
each 10-min break thereafter. During the test session for the No Smoking
Condition, subjects were allowed to smoke one cigarette prior to the first
MTPB period but did not smoke again for the entire 4-h session. Each



subject completed preexperiment and postexperiment questionnaires consisting
of subjective rating scales for attention, energy, strain, interest,
irritability, and the state portion of the State—-Trait Anxiety Inventory
(STAI).
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Figure 1. Experimental Protocol for test sessions.

Venous blood samples were drawn after each subject smoked prior to the
first MTPB period. Additional blood samples were drawn after the first and
third MTPB periods at the end of the 10-min break periods. The latter two
blood samples were taken just after the subject smoked one cigarette in the
Smoking Condition. All urine that formed during the 4-h test session was
collected, acidified with HCl and frozen immediately. The blood sample was
immediately analyzed for carboxyhemoglobin saturation; the instrument used
was a Model 282 laboratory CO-Oximeter manufactured by Instrumentation
Laboratories, Lexington, Massachusettes. Urine samples were later thawed
and analyzed for epinephrine and norepinephrine by an adaptation of the
method of Fiorica and Moses (3,5). 1In this adaptation, the catecholamines
are isolated via alumina adsorption using a batch rather than a column
technique.

Before each experiment, chest electrodes were attached and heart rate
(HR) was continuously recorded by means of an electromagnetic tape recorder.

Multiple Task Performance Battery. The CAMI MTPB was used to measure
time-shared performance in up to six component tasks simultaneously. The
MIPB system is computerized; task presentation and data collection are
automatic. The test panel displays and response controls are depicted in
Figure 2. The system has been described elsewhere (2,10,11). A brief
description follows:







Task 3: Monitoring of Meters. This task involves monitoring four
meters whose pointers move at random around the midpoint of the meter scale.
The subject responds to a shift in the mean position of the pointer by
pressing one of two buttons under the meter to report a left or right shift.
The four meters are arranged across the top of the test panel. The
performance measure is mean response latency.

Task 4: Mental Arithmetic. The subject is required to add two numbers
and subtract a third number from the sum of the first two. All numbers
contain two digits. All computations are pe¢e formed mentally without writing
down or recording intermediate stages of the solution. Answers are recorded
by a 10-key response panel. The arithmetic task display is located in the
lower center of the test panel with the keyboard to the right of the
display. Performance measures are the mean response latency and percent
correct answers.

Task 5: Two-Dimensional Compensatory Tracking (TRK). The tracking
task display is an oscilloscope screen mounted in the top center of the
subject”s panel. The target on the screen is a dot of light about 1 mm in
diameter. A varying amplitude disturbance is imparted to the target in each
dimension; the subject attempts to counteract the disturbance, keeping the
dot at center screen, by moving a control stick with his right hand.
Performance is measured in arbitrary units ( olts) by analog circuitry in
terms of mean integrated absolute error and ean error squared for both
horizontal and vertical dimensions. These data are converted to measures of
absolute vector error and root—mean—square (RMS) vector error, which are the
performance measures.

Task 6: Problem Solving (PS). Each test panel is equipped with five
response buttons, a “task active” light, anc three "feedback™ lights, all
located at the left center of the test pane! The problem is to discover
the correct sequence in which to press the __ve response buttomns. Each
button appears only once in a given trial. Subjects are instructed to use a
trial-and-error procedure and a left-to-rigl search pattern. An amber
feedback light is illuminated every time a 1 tton is pressed to show that
the response is acknowledged by the system. Pressing buttons in incorrect
order causes a red light to turn on and stay on until the next correct
response is made. Pushing all five buttons in correct order causes a blue
light to turn on. When a problem is solved, a lapse of 15 s occurs,
following which the same problem is presented a second time. The subject is
expected to reenter the previous solution from memory on the second, or
confirmation presentation. After another 15 s a new problem is presented.
Performance measures for this task are: (i) mean response latencies for the
first solution and the confirmation stages; (ii) the percentage of
nonredundant and correct responses made during the first solution and
confirmation stages, respectively; and (iii) mean time per problem for both
solution and confirmation stages.







Table 1. Mean and Standard Deviation of Carboxyhemoglobin
Level ZHbCO as a Function of Time the Sample was
Taken and Smoking Condition

Smoking No Smoking
Time

0 min (Before Period 1) Mean 7.69 6.04
S.D. 3.44 2.48

40 min (After Period 1) Mean 7.58 5.82
S.D. 2.99 2.07

120 min (After Period 3) Mean 8.02 4.,26%
S.D. 2.97 2.22

*p < .001

Complex Performance. Overall composite MIPB score data are shown in
Figure 3 and Table 3. All performance data were analyzed by analysis of
variance. Performance decreased during abstinence relative to the smoking
condition. This decrement became apparent during the third 1/2-h of MTPB
performance and continued through the remainder of the experimental session.
Both the main effect of smoking (p < .0l1) and the interaction of smoking
with time period (p < .05) were statistically significant. Individual
comparisons of means shown in Figure 3 indicated a significantly lower level
of performance (p < .05) in the third, fourth, and sixth periods of the
smoking withdrawal session.

Composite score means and standard deviations for the main effects of
smoking and test period are summarized in Table 4 for each component task.
Tracking was the only MTPB component to exhibit a statistically significant
main effect of smoking withdrawal, although there is also a tendency for
performance in the monitoring of red lights to decrease during withdrawal
over the first three 17/2-h periods of MTIPB testing. There is also a
tendency for performance to increase with time in the Smoking Condition in
the latter task. 1In the case of tracking performance, the adverse effect of
smoking withdrawal was independent of a trend toward decreasing performance
with time, which occurred in both Smoking and No Smoking Conditions. The
steady decline in tracking performance during the Smoking Condition was,
however, apparently offset by increases in performance of other components
of the MTPB as shown in the composite score data for the Smoking Condition
in Figure 3. A tendency for increase in performance with time during MTPB
testing in the Smoking Condition appears in the case of both red lights and
arithmetic tasks. The main effect of periods was significant (p < .0l) only



in the arithmetic task. No significant
period occurred in composite score data
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470
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Table 3. Overall Composite Score Means, and Standard
Deviations as a Function of Smoking Condition
and Time Period

Periods
1 2 3 4 3 3
Smoking Mean 504 505 530 501 501 521
S.D. 40 37 31 33 31 37
No Smoking Mean 507 497 493 473 491 471
S.D. 31 39 31 28 68 37
Difference -3 8 37 28 10 50
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Figure 3. Overall MTPB composite scores summarizing performance on all
tasks as a function of smoking condition and time period.



























